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(57) The present invention relates to spacers for liq- 
uid crystal display elements, and is aimed at improving 
a light passing phenomenon by controlling the orienta- 
tion of liquid crystal molecules around spacer. This 
object is realized by polymer particles having long-chain 
alkyl groups held at surfaces thereof. These polymer 
particles are used as a spacer for a liquid crystal ele- 
ment so that the orientation of the liquid crystal mole- 
cules around the spacer by a layer of the long-chain 
alkyl groups. 
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Description 

Liquid crystal display element, a process for producing the spacer, and a liquid crystal display element using the 
spacer. 

5 

(Technical Field Relating to the Invention) 

The present invention relates to a spacer for a liquid crystal display element, a process for producing such a spacer 
and a liquid crystal display element using the spacer. 

10 

(Background Art) 

In the liquid crystal display element, a liquid crystal layer is held between a pair of glass substrates which are each 
provided with a transparent conductive layer at an inner side, and a liquid crystal spacer is interposed to ensure a given 
75 gap between a pair of the glass substrates. As such a spacer, inorganic beads such as glass beads and silica beads, 
organic synthetic resin beads such as polystyrene beads, etc. are used. There are also available the above beads in 
which a low melting point synthetic resin, wax or the like is physically attached or chemically bonded to the surfaces 
" thereof so as to enhance adhesion between the glass substrates (JP-A-63 94224). 

20 (Technical problem) 

However, the above conventional spacers cause disturbance of the orientation of liquid crystal molecules around 
spacer particles upon receipt of voltage or external force such as vibration or impact in production steps or during use 
(Abnormal orientation). If such an abnormal orientation occurs, areas called domains are formed around the spacer 

25 particles. The domains cause light passing around spacer particles, which causes ring-shaped unevenness, white 
stripes, and reduction in display contrast in the display element. 

It is known that the above domains can be removed by ensuring vertical orientation of the liquid crystal molecules 
near the spacer particles. As a technique for promoting the vertical orientation at the surfaces of the spacer particles, 
there is proposed a liquid crystal spacer in which fine particles of a cross-linked polymer are treated with a si lane cou- 

30 pling agent having long-chain alkyl groups to make the long-chain alkyl groups present at surfaces of the fine particles 
(JP-A-4 177324. JP-A-6 11719, J P-A-6- 180456, etc.). According to this conventional technique, since the alkyl groups 
are insufficiently introduced into the surfaces of the spacer particles, domains do not completely disappear and adhe- 
sion of the orienting films upon the substrates is not sufficient. 

The present invention is to provide a spacer which does not disturb the orientation of liquid crystal molecules even 

35 near surfaces of spacer particles, a process for producing such a spacer, and a liquid crystal display element using the 
spacer. 

(Countermeasures for solving the problems) 

40 As a countermeasure for solving the above conventional problems, the present invention is to provide a spacer for 
a liquid crystal display element which spacer is made of particles of a polymer having long-chain alkyl groups at their 
surfaces. This spacer can be produced by reacting polymer particles having functional groups at their surfaces with a 
long-chain alkyl compound having functional groups reactable with said functional groups and introducing the long- 
chain alkyl groups into the polymer particles. (First aspect of the present invention) 

45 In addition to the above problems, the present inventors discovered that it would not necessarily easy to introduce 
long-chain alkyl groups into the surfaces of the fine particles of the cross-linked polymer at a desired concentration on 
the ground that the fine particles of the cross-linked polymer are impregnated with a polymerizable vinyl monomer hav- 
ing long-chain and a polymerization initiator, an impregnation degree differs depending upon kinds of the cross-linked 
polymer fine particles, the polymerizable vinyl monomer and the polymerization initiator, and the impregnation degree 

so also differs depending upon impregnating condition such as an impregnation temperature and an impregnation pres- 
sure. Further, if the polymerizable vinyl monomer or the polymerization initiator is to be impregnated into the fine parti- 
cles of the cross-linked polymer, the polymerization efficiency decreases because the polymerizable vinyl monomer 
and the polymerization initiator are diluted with the cross-linked polymerization fine particles. 

As a countermeasure for solving the above problem, the present invention is to provide a spacer for a liquid crystal 

55 panel which spacer is made of particles of a polymer in which graft polymer chains having long-chain alkyl groups are 
introduced into surfaces of the particles. The spacer for the liquid crystal panel can be produced by graft polymerizing 
one or more kinds of polymerizable vinyl monomers having long-chain alkyl groups or a mixture composed of one or 
more kinds of polymerizable vinyl monomers and one or more kinds of other polymerizable vinyl monomers polymeriz- 
able with former polymerizable vinyl monomers to surfaces of particles of a polymer in which radical chain transferable 
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functional groups and/or radical polymerization initiatable active groups are introduced into the surfaces. (Second 
aspect of the present invention) 

As the radical chain transferable functional group, for example, a mercapto group and/or a polymerizable vinyl 
group is preferred. As the radical polymerization initiatable active group, for example, a peroxide group and/or an azo 
5 group is preferred. 

Further, the present invention is to provide a space for a liquid crystal panel which spacer is made of particles of a 
polymer each surface-coated with a layer of a polymer having long-chain alkyl groups. In the spacer for the liquid crystal 
panel, the surfaces of the polymer particles are desirably covalently bonded to the polymer layers having the long-chain 
alkyl groups. Further, the above spacer for the liquid crystal panel can be produced, for example, by coating the sur- 
10 faces of the polymer particles having given functional groups introduced at the surfaces with polymer layers having 
introduced functional groups reactable with the long-chain alkyl groups and the functional groups of the polymer parti- 
cles and forming covalent bonds between the functional groups of the polymer particles and those of the polymer layers 
through reaction. (Third aspect of the present invention) 

As the process for producing the polymer particles coated with the polymer layers for use in the liquid crystal 
15 spacer, the above-mentioned precipitation polymerization process, the seed polymerization process, etc. are desired. 
, In the present invention, the surfaces of the polymer particles are desirably covalently bonded to the polymer layers hav- 
ing the long-chain alkyl groups. For this purpose, the given functional groups are introduced into the surfaces of the pol- 
ymer particles, and into the polymer layers having the long-chain alkyl groups are introduced the functional groups 
reactable with those of the polymer particles. In order to introduce the given functional groups into the surfaces of the 
20 polymer particles, a polymerizable vinyl monomer having the given functional groups or a monomer mixture composed 
of a polymerizable vinyl monomer having the given functional groups and another polymerizable vinyl monomer copo- 
lymerizable with the former polymerizable vinyl monomer is used. 

Further, the present invention is to provide a liquid display element using the above spacer (Fourth aspect of the 
present invention). 

25 

(Best Mode for Carrying out the Invention) 
(Polymer Particles) 

30 The polymer particles for the spacer in the liquid crystal display element according to the first aspect of the present 
invention is ordinarily produced by either one of the following two processes. 

1 . Precipitation polymerization process 

35 A compound having polymerizable vinyl groups (hereinafter referred to briefly as vinyl monomer) is polymerized in 
solvent which dissolves the vinyl monomer but does not dissolve a polymer obtained from the vinyl monomer, and the 
polymer produced is precipitated in the form of particles. 

2. Seed polymerization process 

40 

The polymer particles produced by the above precipitation polymerization process are used as seed particles, 
which are swelled with a given polymerizable vinyl monomer. The polymerizable monomer is further polymerized in the 
polymer particles (seed particles), thereby obtaining secondary polymer particles. 

As the polymerizable vinyl monomer 1 to be used for the production of the polymer particles in the present inven- 

45 tion, mention may be made of, for example, aliphatic or cyclic acrylates and/or methacrylates such as methyl acrylate, 
ethyl acrylate. n-propyl acrylate, isopropyl acrylate, n-butyl acrylate. iso-butyl acrylate. t-butyl acrylate. 2-ethylhexyl acr- 
ylate, cyclohexyl acrylate, tetrahydrofurfuryl acrylate. methyl rnethacrylate, ethyl methacrylate. n-propyl methacrylate. 
iso-propyl methacrylate. n-butyl methacrylate, iso-butyl methacrylate, 2-ethylhexyl methacrylate, cyclohexyl methacr- 
ylate, tetrahydrofurfuryl methacrylate, stearyl methacrylate, and lauryl methacrylate, vinyl ethers such as methylvinyl 

so ether, ethyl vinyl ether, n-propylvinyl ether, n-butylvinyl ether and iso-butyl vinyl ether, styrene compounds such as sty- 
rene and a-methyl styrene, nitride monomers such as acrylonitrile and methacrylonitrile, vinyl fatty compounds such as 
vinyl acetate and vinyl propionate, halogen-containing monomers such as vinyl chloride, vinylidene chloride, vinyl fluo- 
ride and vinylidene fluoride, defines such as ethylene, propylene and isopropylene. dienes such as chloroprene and 
butadiene, and further water-soluble monomers such as vinylpyrolidone, vinylpyridine and vinylcarbazole. The present 

55 invention is not limited to the above-recited monomers. One or more kinds of the above-recited monomers may be used 
in a mixed state. 

The polymer particles obtained by the above precipitating polymerization process, the polymer particles to be used 
in the seed polymerization process and/or the polymer particles obtained by the seed polymerization process are desir- 
ably cross-linked from the standpoint of thermal resistance, solvent resistance, etc. 
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In order to obtain the cross-linked polymer particles by the precipitating polymerization process, a polyvalent vinyl 
compound such as divinyl benzene, diallyl phthalate, ethylene glycol dimethacrylate, tetraallyloxy ethane, polyethylene 
glycol diacrylate, trimethylol propane triacrylate, and trimethylol propane trimethacrylate is used and/or a vinyl mono- 
mer 2 having a hydrolyzable silyl group, such as y-memacryloxypropyltrimethoxy silane, y-methacryloxypropyltriethoxy 
silane, y-methacryloxypropylmethyldimethoxy sane, y-methacryloxypropylmethyldiethoxy silane, y-acryloxypropylmeth- 
ytdimethoxy silane, Y-methacryl-oxypropyl-bis(trimethoxy) methyl silane, 1 1 -methacryloxy-undecamethylenetrimethoxy 
silane, vinyltriethoxy silane, 4-vinyltetramethylene-trimethoxy silane. 8-vinyloctamethyelene-trimethoxy silane, 3-tri- 
methoxysilylpropylvinyl ether, vinyltriacetoxy silane. p-trimethoxysilyl styrene. p^triethoxysilyl styrene, p-trimethoxysilyl- 
a-methylstyrene. p-triethoxysilyl-a-methylstyrene, y-acryloxypropyltrimethoxy silane. vinyltrimethoxy silane. N-p(N- 
vinylbenzylaminoethyl-y-aminopropyl)trimethoxy silane • hydrochloric acid salt is used and polymerized and then cross- 
linking is effected with siloxane bonds by hydrolysis. 

In the above precipitating polymerization process, a cellulose derivative such as hydroxyethyl cellulose, hydroxy T 
propyl cellulose or cellulose acetate butylate may be used as a dispersant to prevent association between precipitated 
polymer particles. 

In order to obtain the cross-linked polymer particles by the seed polymerization process, the cross-linked polymer 
particles obtain by the above precipitating polymerization process are used as seed particles and/or the above polyva- 
lent vinyl compound and/or vinyl monomer having the above hydrolyzable silyl group is used as a part of the vinyl mon- 
omer for swelling the seed particles and after the polymerization cross-linking is effected with siloxane bonds by 
hydrolysis. 

As the polymerization initiator to be used for polymerizing the vinyl monomer in the above precipitating polymeriz- 
ing process and/or the seed polymerizing process, mainly oil-soluble for example, peroxide type polymerization initia- 
tors such as benzoyl peroxide, methylethylketone peroxide, cumene hydroperoxide, t-butyl hydroperoxide, 
cyciohexanone peroxide, t-butyl peroxide, t-butyl peroxybenzoate, t-butyl peroxy-2-ethylhexanate, t-butyl peroxy- 
bivalate, t-butylperoxyneodecanoate, 3,5,5-trimethylhexanoyl peroxide, diisopropylbenzene hydroperoxide, lauroyl per- 
oxide and dicumylperoxide, azo series polymerization initiators such as 2,2'-azobisisobutylonitrile, 2,2'- 
azobismethylbutylonitronitrile, 2,2 , -azobis-2,4-bimethylvalelonitrile, 2,2 , -azobis-2-cyclopropylpropionylnitrile, 2-2-azo- 
bis-4-methoxy-2,4-dimethylvalelonitrile, 1 ,r-azobiscyclohexane-1 -carbonrtrile, 2-phenylazo-4-methoxy-2,4-dimethylva- 
lelonitrile. and 2,2 , -azobis-N,N , -dimethyleneisobutylamidine, etc. maybe used. 

(Polymer particles having functional groups at surfaces thereof) 

In the present invention, functional groups are introduced into surfaces of the polymer particles, and the long-chain 
aikyl groups are introduced into the polymer particles by reacting the polymer particles with the long-chain alkyl com- 
pound having functional groups reactable with those of the polymer particles. 

The polymer particles 1 having the functional groups at the surfaces are produced by either one of the following two 
processes. 

1 . When the polymer particles are to be produced by the precipitating polymerization process or the seed polym- 
erization process, a vinyl monomer 3 having a functional group or a monomer mixture composed of the vinyl mon- 
omer 3 having the functional group and another vinyl monomer 4. 

2. The polymer particles 2 having the polymerizable vinyl groups at the surfaces are used as the polymer particles 
together with the vinyl monomer 3 having a vinyl group as a basepoint and a functional group or a monomer mixture 
composed of the vinyl monomer 3 having the functional group and another vinyl monomer 4, and graft polymerized 
chain polymer having the functional groups by graft polymerization. 

As the given functional groups introduced into the surfaces of the polymer particles, mention may be made of func- 
tional groups such as hydroxy groups, carboxyl groups, epoxy groups, hydrolyzable silyl groups, silanol groups, isocy- 
anate groups, amino groups, amide groups,, sulfonic groups and mercapto groups, functional groups to produce the 
above functional groups by hydrolysis, condensation, ring opening or the like. As the above polymerizable vinyl mono- 
mer 3 having the functional group, for example, hydroxyl group-containing monomers such as 2-hydroxyethylmethacr- 
ylate, 2-hydroxyethylacrylate, 2-hydroxypropylmethacrylate, 2-hydroxypropylacrylate, ally alcohol, polyethylene glycol 
monomethacrylate and polypropylene glycol monomethacrylate, a,p-unsaturated carboxylic acids, such as acrylic acid, 
rnethacrylic acid, itaconic acid, maleic acid, crotonic acid, atrophic acid and citraconic acid, carboxylic group-containing 
monomers such as 2-acryloyloxyethyl succinic acid, 2-acryloyloxyethyl phthalic acid, 2-acryloyloxyethyl hexahydro 
phthalic acid, 2-methacryloyloxyethyl succic acid, 2-methacryloyloxyethyl phthalic acid and 2-methacryloyloxyethyl hex- 
ahydrophthalic acid, epoxyl group-containing monomers such as glycidyl acrylate, glycidyl methacrylate.and glycidyl 
allyl ether, hydrolysable silyl group-containing monomers such as y-methacryloxypropyltrimethoxy silane, y-methacry- 
loxypropyltriethoxy silane, y-methacryloxypropylmethyldimethoxysilane, y-methacryloxypropylmethyldiethoxy silane, y- 
acryloxypropylmethyldimethoxy silane, Y-methacryloxypropylbis(trimethoxy)methyl silane. 1 1 -methacryloxyundecame- 
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thylene trimethoxy silane, vinyltriethoxy si lane, 4-vinyltetramethylenetrimethoxy silane, 8-vinyloctamethylenetrimethoxy 
silane, 3-trimethoxysilylpropylvinyl ether, vinyitriacetoxy silane, p-trimethoxysilyl styrene, p-triethoxysilyl styrene, p-tri- 
methoxysilyl-a-methylstyrene, p-triethoxysilyl -a-methylstyrene, y-acryloxypropyltrimethoxy silane, vinyltrimethoxy sane, 
N-p(N-vinylben2ylaminoethyl-Y-aminopropy1)trimethoxy silane • hydrochloric acid salt and vinyltrichloro silane, isocy- 

5 anate group-containing monomers such as acryloylisocyanate, methacryloylisocyanate, acrylisocyanate, m-isoprope- 
nyl-a.a-dimethylbenzyiisocyanate, amino group-containing monomers such as dimethylaminoethyl methacrylate. 
dimethylaminoethyl acrylate, dimethyfaminopropyl methacrylate, and dimethylaminopropyl acrylate, amide group-con- 
taining monomers such as acrylamide, methacryl amide, diacetone acrylamide, N-vinytformamide and N-vinylacetoa- 
mide. sulfonic group-containing monomers such as p-sulfonic acid styrene, 2-(acryloylamino)-2-methylpropane sulfonic 

10 acid, and mercapto group-containing monomers such as mercaptopropyltrimethoxy silane, mercaptopropyltriethoxy 
silane. and mercaptopropylmethyltrimethoxy silane, etc. 

The other vinyl monomer 4 to be used in the above two processes is a vinyl monomer copolymerizable with the 
vinyl monomers 3 having the above functions. As such a vinyl monomer 4, for example, mention may be made of methyl 
acrylate, ethyl acrylate, n-propylacrylate, iso-propyl acrylate, n-butyl acrylate, iso-butyl acrylate. t-butyl acrylate, 2-ethyl- 

15 hexyl acrylate, cyclohexyl acrylate. tetrahydrofurfuryl acrylate. isoborny! acrylate, isoamyl acrylate, octyl acrylate, iso- 

:• octyl acrylate, lauryl acrylate, stearyl acrylate, benzyl acrylate, nonylphenoxyethyl acrylate, p-(perlluorooctyl)ethyl 
acrylate, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, iso-propy! methacrylate, n-butylmethacylate, 
iso-butyl methacryalte, t-butyl methacrylate, 2-ethylhexyl methacrylate, stearyl methaaylate, lauryl methacrylate, iso- 
bornyl methacrylate, octyl methacryalte, isooctyl methacrylate, cetyl methacrylate, behenyl methacylate, isodecyl 

20 methacrylate. tridecyl methacrylate, cyclohexyl methacrylate, tetrahydrofurfuryl methacrylate, benzyl methacrylate. 
2,2,2-trifluoroethyl methacrylate, 2,2,3 ,3-tetrafluoropropyl methacrylate, 2.2,3,4,4,4-hexafluorobutylmethacylate, p- 
(perf luorooctyl)ethyl methacrylate, methoxypolyethylene glycol monomethacylate, methylvinyl ether, ethylvinyl ether, n- 
propylvinyi ether, n-butylvinyl ether, iso-butyl vinyl ether, styrene, a-methylstryrene, acrylonitrile, methacrylonitrile, vinyl 
acetate, vinyl chloride, vinylidene chloride, vinyl fluoride, vinylidene fluoride, ethylene, propylene, isoprene, chloro- 

25 prene, butadiene, etc. 

Two or more kinds of the above vinyl monomers 3 and 4 may be used. 

As mentioned above, the cross-linked polymer particles 3 are recited as a preferable polymer particles according 
to the present invention. In order to produce the cross-linked polymer particles, as mentioned above, the vinyl monomer 
2 having the polyvalent vinyl compound or hydrolyzable silyl group is used as a part of the vinyl monomer 4. 
30 Although the polymerization initiator is used to polymerize the polymer particles 1 having the functional groups at 
their surfaces. As the polymer ization initiator, the same initiator and the same association-preventing agent as used in 
the polymerization of the vinyl monomer in the above precipitating polymerization process and/or the seed polymeriza- 
tion process are used as the above polymerization initiator. 

35 (Polymer particles 2 having the polymerizable vinyl groups at their surfaces) 

In order to produce the polymer particles having the polymerizable vinyl groups at their surfaces in the above proc- 
ess 2, polymerizable vinyl groups are introduced into the polymer particles produced in the above process 1 by reacting 
the monomer 5 having the functional group polymerizable with those at the surfaces of the polymer particles 1 with 

40 these polymer particles 1 . As the vinyl monomer having such a functional group, for example, mention may be made of 
acryloylisocyanate, methacryloylisocyanate, acrylisocyanate. m-isopropenyl-a.a-dimethylbenzylisocyanate, methacry- 
loylchloride. vinylbenzylchloride, vinylbenzylbromide, 2-hydroxyethyl acrylate, 2-hydroxypropyi acrylate. 2-hydroxyethyl 
methacrylate, 2-hydroxypropyl methacrylate, acrylic acid, 2-acryloyloxyethy succinic acid, 2-acryloyloxyethyl phthalic 
acid, 2-acryloyloxyethylhexahydro phthalic acid, 2-methacryloyloxyethyl succinic acid, and glycidyl methacrylate, etc.. 

45 Two or more kinds of the above vinyl monomers may be used. The above vinyl group-introducing reaction is 
effected in an organic solvent, such as methylethy! ketone, methyisobutyi ketone or cyclohexanone, in which the above 
vinyl monomer 5 is soluble and the above polymer particles 1 are disperable, by using an acidic catalyst or an alkaline 
catalyst if desirable. 

so (Polymer particles 3 having the graft polymer chains at their surfaces) 

In order to produce the polymer particles 3 having the graft polymer chains at their surfaces, the above vinyl mon- 
omer 3 or a monomer mixture composed of the above vinyl monomer 3 and the vinyl monomer 4 are graft polymerized 
by using the vinyl groups of the above polymer particles 2 having the polymerizable vinyl groups at the surfaces as base 
55 points. Tow or more kinds of the vinyl monomers 3 or the vinyl monomers 4 may be used. 

The above graft polymerization is effected by using the same polymerization initiator as used in the production of 
the polymer particles 1 and 2 in the presence of an organic solvent, for example, alcoholic solvent such as methanol, 
ethanol, iso-propanoi, n-butanol, iso-butanol, t-butanol or cyclohexanol, a ketone solvent such as acetone, methylethyl 
ketone, methyl isobutyl ketone or cyclohexanon, an esteric solvent such as ethyl acetate, n-butyl acetate or amyl ace- 
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tate. an aromatic solvent such as benzene, toluene or xylene, or a cellosolve solvent such as cellosolve acetate, meth- 
ylcellosolve, ethylcellosolve or n-butylcellosolve. 

Although the graft polymer chains having the functional groups are formed at the surfaces of the polymer particles 
3 as mentioned above. According to the present invention, it may be that vinyl groups are further introduced into the 
functional groups of the above graft polymer chains by reacting the vinyl monomer 5 having the functional group reac- 
table with the that of the graft polymer chains, and a secondary graft polymer chains having functional groups are 
formed by further graft polymerizing the above vinyl monomer 3 or the monomer mixture of the above vinyl monomer 3 
and the above vinyl monomer 4 to the resulting polymer particles through using the vinyl groups as base points, or fur- 
ther third or succeeding graft polymer chains are formed in the same manner. 

The glass transition point of the above graft polymer chains and those of the secondary and succeeding graft pol- 
ymer chains are preferably not more than 80° C. 

(Introduction of long-chain alkyl groups) 

The polymer particles 5 having long-chain alkyl groups at the surfaces and constituting the spacer for the liquid 
crystal display element according to the present invention are obtained by introducing long-chain alkyl groups into the 
polymer particles 3, 4 having the functional groups at the surfaces as produced above, through reacting a long-chain 
alkyl compound having a functional group readable with those of the polymer particles with the particles 3, 4. As the 
long-chain alkyl compound, for example, mention may be made of a long-chain alkyl carbonic acid, a long-chain alkyl 
alcohol, a long-chain alkyl sulfonic acid, a long-chain alkyl amine, a long-chain alkyl methoxysilane, a long-chain alkyl 
chloride, a long-chain bromide, a long-chain alkyl glycidyl, or salts of the long-chain alkylcarbonic acid or the long-chain 
alkylsulfonic acid mentioned above. As the above long-chain alkyl group, a straight-chain alkyl group having 6 or more 
carbons is preferable, a straight-chain alkyl group having 12 or more carbons is more preferable, and a straight-chain 
alkyl group having not less than 12 to not more than 22 carbons is further more preferable, and a straight-chain alkyl 
group having 1 8 carbons is further more preferable. The long-chain alkyl group preferably has no substituted group from 
the standpoint of orientation stability. 

The above long-chain alkyl group-introducing reaction is effected in the presence of an organic solvent, for exam- 
ple, a ketone solvent such as methylethyl ketone, methylisobutyl ketone or cyclohexanone. anesteric solvent such as 
ethyl acetate, n-butyl acetate or amyl acetate or an aromatic solvent such as benzene, toluene or xylene, by using an 
acidic catalyst or an alkaline catalyst if desired. 

The polymer particles 5 in the present invention have a layer composed of the long-chain alkyl groups at the sur- 
face. When such polymer particles 5 are used as a spacer for the liquid crystal display element, liquid crystal molecules 
are regularly vertically arrayed with respect to the layers of the long-chain alkyl groups at the surfaces of the polymer 
particles 5. As a result, disturbance of the orientation of the liquid crystal molecules near the liquid crystal spacer par- 
ticles is controlled. 

When the graft polymer chains exist at the surfaces of the polymer particles 5, adhesion of the spacer to the liquid 
crystal display element is improved. Such adhesion largely increases at a glass transition point of the graft polymer 
chains of not more than 80°C, preferably not more than 60°C, and more preferably not more than 40°C. Further, if the 
secondary or succeeding graft polymer chains exist at the surfaces of the polymer particles 5, the thickness of the layer 
of the graft polymer chains covering the polymer particles 5 increases to enhance the above adhesion. 

The spacer in the first aspect of the present invention will be explained below as to the shape and in the form of a 
colored spacer and a fixed spacer, and in case that the spacer is used for a liquid crystal display element. The expla- 
nation is also applicable to the spacers in the second and third aspects of the present invention mentioned later. 

The shape of the spacer particles is preferably spherical, for example. The diameter is preferably in a range of 0.1 
to 100 ^m, particularly preferably in a range of 0.5 to 50 u.m. more preferably in a range of 1 to 20 urn. The layer of the 
long-chain alkyl groups held at the surface of the polymer particle ("polymer layer" in the third aspect) is preferably not 
less than 0.01 u.m to not more than 0.4 urn. 

The colored spacer for the liquid crystal display element according to the present invention is obtained by coloring. 
For example, coloring may be effected by mixing a dye or a pigment, polymerizing a dye monomer, or forming a metallic 
thin films on the spacer particles and oxidizing them. The coloring methods are disclosed, for example, in JP-A-57 
189117. JP-A-63 89890. JP-A-1 144021, JP-A-1 144429, JP-A-63 66228, JP-A-63 89408, JP-A-1 200227, JP-A-2 
21 4781 ! JP-A-5 301909 and JP-A-7 1 1005. The coloring methods disclosed in them may be used in the present inven- 
tion. For example, particles are dyed by using a anthraquinone dye or the like in JP-A-1 1 44429, and particles are dyed 
by using osmium or the like in JP-A-7 1 1005. 

In the present invention, the reason why the colored spherical spacer particles are preferably used as the spacer 
for the liquid crystal display spacer is as follows. 

In the liquid crystal display element, an image is formed when the liquid crystals optically change upon application 
of voltage between transparent electrodes. To the contrary, the spacer does not optically change upon the application 
of the voltage. Therefore, when the image is displayed, non-colored spacer particles are visually observed as bright 
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points in a dark portion with the result that the contrast in image displaying may be deteriorated. 

The adhesive spherical spacer for the liquid crystal display element according to the present invention has adhering 
property when heated. In order to afford the spacer with the adhering property, the thickness of the layers of the long- 
chain alkyl groups held at the surfaces of the polymer particles ("polymer layers" in the third aspect) is increased. The 
5 adhering property can be afforded upon the spacer by setting the above thickness to not less than 0.01 ^m, preferably 
not less than 0.04 urn. 

The adhering layers are softened by heating the adhering spherical spacer so that the contacting area of the spacer 
to be adhered upon the substrate may increase. With increase in the thickness of the adhering layers, the contacting 
area increases to exhibit the adhering force. 

io If the long-chain alkyl group layers contain functional groups (for example, epoxy groups) as orientation-controlling 
films which chemically bond to a reaction residue of a polyimide, the adhering layers exhibit firmer adhesion force. 

If the adhering spherical spacer is used as the spacer for the liquid crystal display element, the movement of the 
spacer in a gap between the substrates can be prevented. As a result an undesirable phenomenon that the orientation- 
controlling films are damaged can be positively prevented to enhance the quality of the displayed image and the accu- 

15 racy of the gap between the substrates. Fine base particles to be used for the colored spherical spacer and the adher- 

i ing spherical spacer can be produced from the above-mentioned spacer. 

Liquid crystal display element 

20 ^ Next, one example of the liquid crystal display element according to the present invention will be briefly explained. 
The liquid crystal display element can have the same construction as conventionally used except that the above spher- 
ical spacer is used. 

That is, the liquid crystal display element A includes a pair of substrates 7, 9, a spacer 8 and a nematic liquid crystal 
1 1 arranged between a pair of the substrates 7, 9 and adapted for keeping a gap between a pair of the substrates 7, 9, 

25 a sealing member 10 filled at a peripheral portion between a pair of the substrates 7, 9, and polarizer sheets 12, 13 
coated upon the surfaces of the substrates 7, 9. The substrates 7, 9 are each constituted by forming a pattern of a trans- 
parent electrode 2, 5 made of an ITO (Indium-Tin-Oxide) film on one surface of a transparent substrate 1 , 4 made of 
glass, and covering the surfaces of the transparent electrode 2, 5 and the transparent substrate 1 , 4 with an orientation- 
controlling film 3, 6 made of a polyimide film or the like. The orientation-controlling films 3. 6 are subjected to an orien- 

30 tation -controlling treatment with lapping. 

Thus, according to the present invention, the liquid crystal display element affording a clear image with no defect in 
the displayed image can be obtained. 

(Examples) 

35 

Example 1-1 (Production of polymer particles 1 A having -SiOH at surfaces) 

Thirty grams of hydroxypropyl cellulose having the molecular weight of 1 .0 x 10 5 was dissolved into 250 g of ethyl 
alcohol, which was charged into a reactor. Into the reactor were further charged 8g of styrene monomer, 4 g of y-meth- 
40 acryloxypropyltrimethoxy silane and 0.1 g of 2,2-azobisisobutylonitrila Precipitation polymerization was effected at 
65°C in nitrogen stream for 10 hours, thereby obtaining uniform polymer particles having the average particle diameter 
of 5.8 firn and a standard deviation of 1 .5 %. 

After the polymer particles were separated and washed, they were treated with an acid or an alkali. Thereby, cross- 
linked polymer particles 1A in which cross-linking with Si-O-Si siloxane bonds existed and at which surfaces silanol 
45 groups (Si-OH) existed were produced. 

Example 1-2 (Production of polymer particles 1B having -OH groups at their surfaces) 

Two grams of n-butyi peroxide was emulsified and finely dispersed in 20 g of water having 0.1 5 g of sodium lauryl 
so salfate dissolved therein such that diameters of oily drops were not more than 0.5 jim. The above polymerization initia- 
tor dispersed liquid was fed to 40 g of an aqueous dispersion liquid having 5 % by weight of polystyrene particles (par- 
ticle diameter: 1.2 urn, and a seed particle-dispersed liquid was obtained by absorbing said oily drops of the 
polymerization initiator onto the polystyrene particles under slow stirring at 30°C for 12 hours. 

Next, a monomer mixture consisting of 45 g of styrene, 15 g of 2-hydroxypropyl methacrylate was emulsified and 
55 dispersed into and 350 g of divinylbenzen having 2.85 g of sodium lauryl salfate dissolved therein, and the above seed 
particle-dispersed liquid was added and mixed not the monomer mixture-dispersed liquid, thereby absorbing the mon- 
omer mixture upon the seed particles. Then, 100 g of a 10 wt% aqueous solution of polyvinyl alcohol was added into 
the resulting dispersed liquid, and the monomer mixture absorbed onto the seed particles were polymerized by heating 
at 80°C. The monomer mixture disappeared 6 hours after the heating, and uniformly just spherical polymer particles 1 B 
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having the average particle diameter of 7 pm. a standard deviation of 4.5 % and -OH groups at the surfaces thereof 
were obtained. 

Example 3 (Production of polymer particles 1C having -COOH groups at their surfaces) 

Fiftv arams of hydroxypropyl cellulose having the molecular weight of 4 x 10 5 was dissolved into 300 g of methyl 
alcohoTwhich was charged into a reactor. Into the reactor were further charged 10 g of styrene 5 g of dMrybrnm, 
2 a of methacrylic acid and 0.2 g of 2,2--azobisisobutylonitrile. Precipitation polymerization was effected at 60 C m nrtro- 
gen stream for 8 hours, thereby obtaining uniform just spherical polymer particles 1 C having the average part.cle d.am- 
eter of 6.25 urn. a standari deviation of 3 % and -COOH groups at the surfaces. 

Example 1 -4 (Production of polymer particles 1 D having epoxy groups at their surfaces) 

Two hundreds grams of ethyl propionate was charged into a reactor. To this reactor was further charged 85.7 g of 
olvcidyl methacrylate. 9.7 g of 2-hydroxyethyl methacrylate. 4.6 g of ethylene glycol dimetahcrylate and 0.15 g of azo- 
SCSLeranitrile). and the mixture was subjected to the precipitation polymerization at 50»C ,n mtrogen 
stream for 16 hours, thereby obtaining just spherical polymer partides having the average part.de of 4.9 pm. a standard 
deviation of 5.0 % and epoxy groups at the surfaces. 

Example 1-5 (Production of polymer particles 1D having amino groups at their surfaces) 

Thirty grams of toluene and 10 g of hexamethylene diamine were added to 10 g of the polymer particles produced 
in Example 1 -4 and having the epoxy groups at the surfaces in a reactor, and the mixture was reacted at 80 to 90°C for 
3 hours. Thereby, polymer particles 1 E having amino groups at the surfaces were obtained. 

Example 1-6 (Production of polymer particles 1F. 1G. 1H and 11 having polymerizable vinyl groups at their surfaces) 

Ten grams of eachof the polymer particles 1 A. m 1C and 1E P roduced by Examples V^ 1 ^'"^^ 
active hydrogens such as silanol groups. -OH groups, -COOH groups and amino groups at the.r surfaces, reapaebvtf* 
was charged together with 20 g of methylethyl ketone and 3 g of methacryloylisocyanate. and me mixture was reacted 
luom f temperature for 30 minutes. Thereby, polymer particles 1 F. 1 G. 1 H and 1 1 having polymerizable vmyl groups at 
their surfaces were obtained. 

Example 1-7 (Production of polymer particles 1J having polymerizable vinyl groups at their surfaces) 

One hundred grams of cyclohexanone. 5 g of methacrylic acid and 0.5 g of hydroquinone were charged to 10 g of 
the polymer particles 1D produced in Example 1 -4 and having the epoxy groups at their surfaces in a reactor, and the 
mXe was Reacted under reflux for 4 hours. Thereby, polymer partides 1 J having polymenzable vmyl groups at the,r 
surfaces. 

Example 1-8 (Production of polymer particles 1 K and 1L having polymerizable vinyl groups at their surfaces) 

Ten grams of each of the polymer particles 1 B and 1E produced by Examples 1-2 and 1-5 and having i -Oh I gi w 
and amino groups at their surfaces, respectively, was charged together with 20 g of tetrahydrofuran and 5 g of meth- 
acryloylchloride!and the mixture was reacted at room temperature for 3 hours. Thereby, polymer particles 1K and 1L 
having polymerizable vinyl groups at their surfaces were obtained. 

Examples 1 -9 (Formation of graft polymer chains having functional groups) 

Onegramof eachof the polymer particles 1F. 1G. 1H. 11. 1J. iKand ILproducedby Examples 1-6 to 1-8. respec- 
tively and having the polymerizable vinyl groups at their surfaces was dispersed in 20 g of methylethyl ketone Jo the 
mixture were addeddgof benzoyl Peroxide and a vinyl monomer 3 and a vinyl monomer 4sh^^ 
polymer chains having functional groups at the surfaces of the polymer partides were formed by heating at 80 i Mo 
one hour (Polymer partides 1F-1, 1G-1. 1H-1. 1M. 1J-1. 1K-1 and 1L having the graft polymer chams at the.r surfaces) 
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Table 1 



Sample No. 


Polymer particles 


Vinyl monomer 3 


Vinyl monomer 4 


1F-1 


1F 


methacryiic acid 


5g 


methyl methacrylate 


15g 


1G-1 


1G | 


2-hydroxyethyl methacr- 
ylate 


7g 


methyl methacrylate 


13 g 


1H-1 


1H 


N-vinylacetamide 


lOg 


PE-350 (manufactured by 
NOF Corporation) 


20 g 


11-1 


11 


glycidyl methacrylate 


10g 


PE-350 (manufactured by 
NOF Corporation) 


10g 


1J-1 


1J 


acrylamide 


5g 


PE-350 (manufactured by 
NOF Corporation) 


15g 


1K-1 


1K 


y-methacryloxypropyl tri- 
methoxysilane 


5g 


PE-350 (manufactured by 
NOF Corporation) 


15g 


1L-1 


1L 


parasulfonic acid styrene 


10g 


methyl methacrylate 


10g 



Each of the polymer particles 1F-1, 1G-1, 1H-1, 11-1, 1J-1, 1K-1 and 1L having the graft polymer chains at their sur- 
faces and formed with the graft polymer chains was separated from the reaction liquid. The functional groups existing 
at the surfaces of each of the polymer particles are shown in Table 2. 



Table 2 



Polymer particles 


Functional group 


1F-1 


carboxylic group 


1G-1 


hydroxyl group 


1H-1 


acetamide group 


11-1 


epoxy group 


1J-1 


amide group 


1K-1 


trimethoxysilane group 


1L-1 


sulfonic group 



The observation of each of the polymer particles 1 F-1 . 1 G-1 , 1 H-1 , 1 1-1 , 1 J-1 , 1 K- 1 and 1 L-1 with an SEM revealed 
that increase in the particle diameter from each of the polymer particles 1 F, 1 G, 1 H, 1 1, 1J, 1 K and 1 L was 0.03 jim. 

Example 1-10 (Formation of graft polymer chains having amino groups at surfaces of the polymer particles) 

Thirty grams of methanol and 3 g of sodium hydroxide were charged to 10 g of the polymer particles 1 H-1 produced 
in Example 1-9 and possessing the graft polymer chains with the acetamide groups at their surfaces in a reactor, and 
the mixture was reacted at a reflux temperature for 6 hours. Thereby, polymer particles 1H-2 having amino groups at 
the surfaces were obtained. 

Example 1-1 1 (Formation of graft polymer chains having silanol groups at the surfaces of the polymer particles) 

Thirty grams of methanol and 3 g of sodium hydroxide were charged to 10 g of the polymer particles 1 K-1 produced 
in Example 1-9 and possessing the graft polymer chains with the trimethoxy silane groups at their surfaces in a reactor, 
and the mixture was reacted at a reflux temperature for 2 hours. Thereby, polymer particles 1K-2 having silanol groups 
at the surfaces were obtained. 
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Example 1-12 (Introduction of long-chain alkyl groups into the surfaces of the polymer particles) 

Twenty grams of cyclohexanone and 3 g of a long-chain alkyl (C 12 or C 13 ) glycidyi were charged to 10 g of each of 
the polymer particles 1F-1, 1J-1, 1L-1 and 1H-2 produced in Examples 1-9 and 1-10 and having carboxylic groups, 
5 amido groups, sulfonic groups and amino groups at their surfaces, respectively, in a reactor, and the mixture was 
reacted at a reflux temperature for 5 hours. Thereby, polymer particles 1M, 1N, 10 and 1P having the long-chain alkyl 
groups introduced at their surfaces were obtained. 

Example 1-13 (Introduction of long-chain alkyl groups into the surfaces of the polymer particles) 

10 

Twenty grams of cyclohexanone and 5 g of palmitic acid were charged to 10 g of the polymer particles 1 1-1 pro- 
duced in Example 1-9 and having epoxy groups at their surfaces in a reactor, and the mixture was reacted at a reflux 
temperature for 5 hours. Thereby, polymer particles 1Q having the long-chain alkyl groups introduced at their surfaces 
were obtained. 

15 

Example 1-14 (Introduction of long-chain alkyl groups into the surfaces of the polymer particles) 

Thirty grams of toluene, 5 g of stearyl halide and 1 g of triethyl amine were charged to 1 0 g of each of the polymer 
particles 1F-1, 1G-1, 1L-1, 1K-2 and 1H-2 produced in Examples 1-9 to 1-11 and having carboxylic groups, hydroxyl 
20 groups, sulfonic groups, silanol groups and amino groups at their surfaces, respectively, in a reactor, and the mixture 
was reacted at a reflux temperature for 6 hours. Thereby, polymer particles 1 R, 1 S, 1 T, 1 U and 1 V having the long-chain 
alkyl groups introduced at their surfaces were obtained. 

Example 1-15 (Introduction of secondary, third, • • • graft polymer chains) 

25 

Long-chain alkyl groups may be introduced into the surfaces of each of the polymer particles 1 F-1 , 1 G-1 , 1 H-1 , 1 I- 
1 . 1 J-1 . 1 K-1 . 1 L-1 , 1 H-2 and 1 K-2 produced in Examples 1 -9 to 1-1 1 and formed with the graft polymer chains having 
the functional groups at their surfaces by reacting long-chain alkyl halide or long-chain alkyl carboxylic acid with each 
of these polymer particles at it is. If necessary, after polymerizable vinyl groups are further introduced into the graft pol- 
30 ymer chains in the same manner as in Examples 1 -6 to 1 -8, secondary graft polymer side chains having the same func- 
tional groups as those of the primary graft polymer side chains may be introduced in the same manner as in Examples 
1 -9 to 1 - 1 1 . After the secondary graft polymer side chains are introduced in this way, an SEM observation revealed that 
the particle diameter of each polymer particle was increased by 0.3 urn. Similarly, third, fourth, • • • graft polymer side 
chains may be introduced. 

35 Long-chain alkyl groups can be introduced into each of the polymer particles having the secondary, third, fourth 
graft polymer side chains introduced into their surfaces, respectively in the same manner as in Examples 1-12 to 1-14. 

(Evaluations) 

40 Light passing was evaluated with respect to the polymer particles having the long-chain alkyl groups introduced at 
their surfaces. 

Evaluation methods 

45 1. Substrate 

Substrates each having an ITO/polyimide orientation -controlling film formed on the surface, followed by lapping 
were used (90 x 100 mm, manufactured by EHC Co., Ltd.). 

so 2. Spraying of spacers 

Each of the polymer particles M to V and F-1 to K-2 were sprayed as a spacer onto the substrate at a rate of 150 
to 1 80 particles sprayed per mm 2 by using a spray gun at pressure of 3 kg/cm 2 , followed by fixing under heat treatment 
at!50°C for 30 minutes. 

55 

3. Liquid crystals 

ZLI-2420 (S080): A n 0.141, viscosity 17 mm 2 /sec., pitch 12 ujnand Tn-i = 85°C (manufactured by Merk) was used. 
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4. DC voltage generator 

R-8340A (manufactured by Advantest Co., Ltd.) was used. 
5 5. Fixed rate (%) 

Measurement of a fixed rate 

After spraying and heat treatment mentioned above, nitrogen was below against the substrate apart from a dis- 
10 tance of 6 mm at 1 kg/cm 2 through an air gun having an opening diameter of 1 .7 mm, and a fixed rate was calculated 
based on a residual percentage between before and after the blowing. 



Table 3 



\ 






Evaluation on light 
passing * 






20 




Polymer 

r\ o ri ir'loc 

pa 1 lllflCfo 


Before DC 
voltage 
applied 


After DC 
voltage 
applied 


Increase in 
particle 
diameter 


Fixed | 
rate 
(%) 






1M(1I-1) 


2 


2 


0.04 


50 






1N(IJ-1) 


2 


2 


0.04 


45 


25 




10(1L-1) 


2 


2 


0.04 


41 




After long 
chain alky) 


1P(1H-1) 


2 


2 


0.04 


40 




1Q(1I-1) 


1.5 


1.5 


0.05 


66 


30 


group 


1R(1F-1) 


1 


1 


0.04 


45 


introduced 


1S(1G-1) 


1 


1 


0.04 


41 






1T(1L-1) 


1.5 


1.5 


0.03 


33 






1U(1K-1) 


1 


1 


0.05 


67 


35 




1V(1H-2) 


1.5 


1.5 


0.04 


48 




1F-1 


3 


6 


0.03 


32 






1G-1 


2 


5 


0.03 


35 




Before long 
chain alkyl 


1H-2 


4 


6 


0.04 


34 


40 


11-1 


2 


4 


0.03 


57 




group 


1J-1 


2 


5 


0.03 


41 




introduced 


1K-1 


2 


4 


0.03 


67 






1K-2 


3 


6 


0.03 


58 


45 




1L-1 


5 


6 


0.03 


28 



* Light passing rank: criteria1-6 
1: not passed 2: partially passed 
3: 1/3 light passed around particle 
4: not less than a half of light passed around particle 
5: passed entirely around particle 6: largely passed 



From the above evaluation results, the evaluation ranks of the light passing upon the application of DC voltage of 
the polymer particles 1 F-1 , 1G-1 , 1 M , 1J-1 , 1 L-1 , 1 K-2 and 1 H-2 having no long-chain alkyl groups introduced into the 
surfaces were 4 to 6, whereas those of the light passing upon the application of DC voltage of the polymer particles 1 M, 
1N, 10, 1P, 1Q, 1R t 1S, 1T, 1U and 1V having long-chain alkyl groups introduced into the surfaces were 1 to 2. Owing 
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to the introduction of the long-chain alkyl groups, no difference existed between before and after the application of DC 
voltage, and the light passing phenomenon was largely improved. 

Next the spacer for the liquid crystal according to the second aspect of the present invention which spacer is made 
of the polymer particles having the graft polymer chains with the long-chain alkyl groups introduced at the surfaces will 
be explained The spacer for the liquid crystal is produced by introducing one or more kinds of polymerizable vmyl mon- 
omers having the long-chain alkyl groups or a mixture of one or more kinds of the polymerizable vinyl monomers having 
the long-chain alkyl groups and one or more kinds of other polymerizable vinyl monomers copolymenzable with the 
former ones into the surfaces of the polymer particles having radical chain transferable functional groups and/or active 
groups having radical polymerization initiating ability introduced into the surfaces thereof. 



(Polymer particles having given functional groups at their surfaces) 



In order to produce the polymer particles having radical chain transferable functional groups and/or active groups 
having radical polymerization initiating ability introduced into the surfaces thereof and adapted to be used for the pro- 
duction of the spacer for the liquid crystal according to the present invention, polymer particles having at their surfaces 
f urtctional groups into which the above functional groups are to be introduced are first produced. As a desirable process 
for producing the polymer particles having given functional groups at their surfaces, mention may be made of a precip- 
itation polymerization process in which the monomer is polymerized in a solvent which dissolves the monomer but does 
not dissolve the polymer based on the above functional groups to precipitate the polymer particles and a seed polym- 
erization process in which the polymer particles obtained by the above precipitation polymerization process are swelled 
with a monomer and secondary polymer particles are obtained by further polymerizing this monomer with radicals con- 
tained in the polymer particles. When the polymer particles are to be produced by the above production processes, a 
polymerizable vinyl monomer having given functional groups at the surface or a monomer mixture composed of the 
polymerizable vinyl monomer having the given functional groups and other polymerizable vinyl monomer copolymenz- 
able with the former polymerizable vinyl monomer is used. 

As the given functional groups introduced in the above processes, mention may be made of functional groups sucn 
as hydroxyl groups, carboxyl groups, epoxy groups, hydrolyzable silyl groups, silanol groups, isocyanate groups, ammo 
groups amide groups, sulfonic groups and mercapto groups, functional groups to produce the above functional groups 
by hydrolysis, condensation, ring opening or the like. As the polymerizable vinyl monomers having the above functional 
groups, the ones mentioned before may be recited. 

As another polymerizable vinyl monomer copolymerizable with the former polymerizable vinyl monomer having the 
above functional groups and adapted to be used in the present production processes, the same kinds as mentioned 
before may be used. When cross-linked polymer particles are to be obtained in the precipitating polymenzatin or ihe 
seed polymerization, the same polyvalent vinyl compound and/or the same hydrolyzable silyl group-containing mono- 
mer as mentioned before may be used. Further, in the precipitation polymerization process, the above-mentioned asso- 
ciation-preventing dispersant may be used. . 

In the precipitation polymerization and the seed polymerization, particles having a just sphencal shape and a uni- 
form particle size distribution which are suitable as a spacer for the liquid crystal are obtained, and just spherical parti- 
cles having large partide diameters are obtained particularly in the seed polymerization. 

(Polymer particles having radical chain transferable functional groups introduced into the surfaces) 

In order to produce polymer particles having radical chain transferable functional groups introduced into the sur- 
faces the radical chain transferable functional groups are introduced into the surfaces of the polymer particles as pro- 
duced by the above processes and having the given functional groups at the surfaces by effecting a reaction between 
the polymer particles and a compound having a functional group readable with said functional groups, for example, a 
conpound having a radical chain transferable functional groip such as a polymerizable vinyl group or a mercapto 
group. 

(Polymer particles having the active groups having the radical polymerization initiating ability at their surfaces) 

In order to produce the polymer particles having the active groups having the radical polymerization initiating ability 
introduced into their surfaces, the active groups having the radical polymerization initiating ability are introduced into the 
surfaces of the polymer particles as produced in the above processes and having the given functional groups by react- 
ing an initiator having a functional group readable with said given fundional groups, such as peroxide, perhydnde or an 
azo compound with the polymer particles. Alternatively, the adive groups having the radical polymerization initiating 
ability are introduced into the surfaces of the polymer particles by using and graft polymerizing polymer particles having 
radical chain transferable functional groups introduced into their surfaces in the presence of a polymerizable vinyl mon- 
omer having a peroxide group or the like or a mixture of said polymerizable vinyl monomer and another polymerizable 
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vinyl monomer copolymerizable with said former polymerizable vinyl monomer as a polymerization initiator while said 
radical chain transferable functional groups at the surfaces of the polymer surfaces are used as starting points. 

(Formation of graft polymer chains having long-chain alkyl groups) 

Graft polymer chains having long-chain alkyl groups are introduced into the surfaces of the graft polymer particles 
produced above and having the radical chain transferable functional groups or the active groups having the radical 
polymerization initiating ability introduced into their surfaces by graft polymerizing a polymerizable vinyl monomer hav- 
ing a long-chain alkyl group or a mixture of this polymerizable vinyl monomer having the long-chain alkyl group and 
another polymerizable vinyl monomer copolymerizable with the former polymerizable vinyl monomer with said polymer 
particles with or without use of a polymerization initiator. 

As the polymerizable vinyl monomer having the long-chain alkyl group, a polymerizable vinyl monomer having a 
long-chain alkyl group with six or more carbons is preferable, and a polymerizable vinyl monomer having a long-chain 
alkyl group with twelve or more carbons is particularly preferable. As such polymerizable vinyl monomers having long- 
chain alkyl groups, for example, mention may be made of 2-ethylhexyl acrylate. stearyl acrylate, lauryl acrylate, iso- 
stearyl acrylate, isostearyl methacrylate, octyl acrylate, isooctyl acrylate. nonyiphenoxyethyl acrylate, nonylphenol 
10EO acrylate, laurylpolyoxy ethylene acrylate, octylphenol polyoxyethylene acrylate. stearylphenol polyoxyethylene 
acrylate, 2-ethylhexyl methacrylate. stearyl methacrylate, lauryl methacrylate, octyl methacrylate, isooctyl methacr- 
ylate, dodecyl methacrylate. cetyl methacrylate, behenyl methacrylate, isodecyl methacrylate, tridecyl methacrylate, 
laurylpolyoxyethylene methacrylate and polyoxyethylene allylglylcidylnonylphenyl ether, etc. 

Another polymerizable vinyl monomer copolymerizable with the polymerizable vinyl monomer having the above 
long-chain alkyl groups, the same polymerizable vinyl monomer as used in the production of the polymer particles is 
employed. 

If the polymer particles having the radical chain transferable functional groups introduced into the surfaces are 
used, radicals are generated at terminals of the functional groups through addition ol the polymerization initiator, irradi- 
ation of a high energy beam such as ultraviolet beam or electron beam, or the like with the result that the polymerizable 
vinyl monomer having the long-chain alkyl group or a mixture of this polymerizable vinyl monomer having the long-chain 
alkyl group and another polymerizable vinyl monomer copolymerizable with the former one is graft polymerized, while 
the radicals are utilized as starting points. Further, if the polymer particles having the introduced active groups with the 
radical chain transferable functional groups having the introduced radical polymerization initiating ability are used, rad- 
icals are generated through decomposition of the active groups upon heating, irradiation of high energy beam or the like 
with the result that the polymerizable vinyl monomer having the long-chain alkyl group or a mixture of this polymerizable 
vinyl monomer having the long-chain alkyl group and another polymerizable vinyl monomer copolymerizable with the 
former one is graft polymerized, while the radicals are utilized as starting points. 

In the present invention, a polymerizable vinyl monomer having given functional groups, a mixture of this polymer- 
izable vinyl monomer having the given functional group and another polymerizable vinyl monomer copolymerizable with 
the former polymerizable vinyl monomer, a mixture of the polymerizable vinyl monomer having the given functional 
group and a polymerizable vinyl monomer having a long-chain alkyl group or a mixture of the polymerizable vinyl mon- 
omer having the given functional group, another polymerizable vinyl monomer polymerizable copolymerizable with the 
former polymerizable vinyl monomer and further the polymerizable vinyl monomer having the long-chain alkyl group is 
primarily graft polymerized to the polymer particles having the radical chain transferable functional groups and/or the 
active groups having the radical polymerization initiating ability introduced at their surfaces, and radical chain transfer- 
able functional groups are introduced to the given functional groups of the primarily graft polymer chains by reacting a 
compound having a functional group reactable with said given functional group and a radical chain transferable func- 
tional group with the given functional groups of the graft polymer chains. Alternatively, active groups having a radical 
polymerization initiating ability are introduced into the given functional groups of the primarily graft polymer chains by 
reacting an initiator reactable with a peroxide, a perhydride or an azo compound with said given functional groups. 
Then, secondary graft polymer chains having the long-chain alkyl groups may be introduced into the surfaces of the 
above polymer particles by secondarily graft polymerizing the polymerizable vinyl monomer having the long-chain alkyl 
groups or a mixture of this polymerizable vinyl monomer having the long-chain alkyl groups and the another polymeriz- 
able vinyl monomer copolymerizable with the former polymerizable vinyl monomer to the graft polymer chains. Further, 
third graft polymer chains may be introduced into the polymer particles. 

The thus produced spacer for the liquid crystal according to the present invention has the graft polymer chains with 
the long-chain alkyl groups introduced into the surfaces. The concentration of the long-chain alkyl groups of the polymer 
chains can be directly and easily adjusted based on the concentration of the polymerizable vinyl monomer having the 
long-chain alkyl group used for the introduction of the graft polymer chains. Further, the polymerizable vinyl monomer 
or the polymerization initiator is not diluted, so that a high graft polymerization efficiency can be obtained. Since the 
graft polymer chains having the long-chain alkyl groups are covalently bonded to the polymer particle, the graft polymer 
chain layer of the graft polymer chains having the long-chain alkyl groups are integrated with the polymer particle, so 
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that the layer of the graft polymer chains will not be peeled from the polymer particle. Further, if the thickness of the layer 
of the graft polymer chains having the long-chain alkyl groups is not less than 0.01 um, the fixing property between the 
polymer particles and the orienting substrate is exhibited through a melting effect of the graft polymer chains and a 
reaction of residues of the functional groups onto the orienting substrate. 

If the polymer particles having the graft polymer chains with the long-chain alkyl groups introduced at the surfaces 
are used as a spacer for the liquid crystal display element, the liquid crystal molecules are vertically and regularly 
arranged with respect to the long-chain alkyl groups of the graft polymer chains at the surfaces of the polymer particles. 
Accordingly, disturbance of the orientation of the liquid crystal molecules near the liquid spacer particles can be sup- 
pressed. 

Example 2-1 (Production of polymer particles 2A having azo groups at their surfaces) 

Fifty grams of dimethyl formamide and 10 g of 2,2-azobis-2-(2-imidazoline)propane were reacted with 10 g of the 
polymer particles 1D produced in Example 1-4 and having the epoxy groups at their surfaces at 50° C for 5 hours. 
Thereby, polymer particles 2A having azo groups at their surfaces were obtained. 

Example 2-2 (Production of polymer particles 2B having azo groups at their surfaces) 

Ten grams of 4,4-azobis-4-cyanovaleric chloride and 10 g of triethylamine were added dropwise to 10 g of the pol- 
ymer particles 1B produced in Example 1-2 and having the hydroxyl groups at their surfaces and 50g of dimethyl for- 
mamide, thereby obtaining polymer particles 2B having azo groups at their surfaces. 

Example 2-3 (Production of polymer particles 2C, 2D and 2E having graft polymer chains containing peroxide at their 
surfaces) 

Two hundreds of methylethyl ketone. 50 g of a 70 wt% toluene solution of t-butylperoxyally carbonate, 80 g of 
methyl methacrylate and 0.1 g of benzoyl peroxide were all added to 1 0 g of each of the polymer particles 1 F, 1G and 
1 H produced in Example 1 -6 and having the polymerizable vinyl groups at their surfaces. The mixture was heated to 70 
to 90° C in nitrogen stream, and was subjected to a graft polymerization reaction for 1 hour. Thereby, polymer particles 
2C, 2D and 2E having graft polymer chains containing peroxide at their surfaces were obtained by removing the free 
polymer. 

Example 2-4 (Introduction of graft polymer chains containing long-chain alkyl groups into the surfaces of the polymer 
particles) 

Two hundreds of methylethyl ketone, 50 g of methyl methacrylate, 50 g of N-lauryl methacrylate and 0.5 g of ben- 
zoyl peroxide were all added to 1 0 g of each of the polymer particles 1 F, 1 G, 1 H and 1 J produced in Examples 1 -6 and 
1-7 and having the polymerizable vinyl groups at their surfaces. The mixture was heated to a polymerization initiator- 
cleavage temperature, and was subjected to a graft polymerization reaction in nitrogen stream for 2 hours. Thereby, 
spacer samples 1 F-2, 1G-2, 1 H-2 and 1 J-2 having graft polymer chains containing long-alkyi groups introduced at the 
surfaces of the polymer particles were obtained. 

Example 2-5 (Introduction of graft polymer chains containing long-chain alkyl groups into the surfaces of the polymer 
particles) 

Two hundreds of toluene, 20 g of methyl methacrylate, 20 g of 2-hydroxybutyl methacrylate and 60 g of stearyl 
methacrylate were all added to 10 g of each of the polymer particles 2A and 2B produced in Examples 2-1 and 2-2, 
respectively and having the azo groups at their surfaces. The mixture was heated to a polymerization initiator-cleavage 
temperature, and was subjected to a graft polymerization reaction in nitrogen stream for 3 hours. Thereby, spacer sam- 
ples 2A-1 and 2B-1 having graft polymer chains containing long-alkyl groups introduced at the surfaces of the polymer 
particles were obtained. 

Example 2-6 (Introduction of graft polymer chains containing long-chain alkyl groups into the surfaces of the polymer 
particles) 

Two hundreds of xylene, 20 g of methyl methacrylate. 30 g of octyl methacrylate and 50 g of laurylpolyoxyethylene 
methacrylate were all added to 10 g of each of the polymer particles 2C, 2D and 2E produced in Example 2-3 and con- 
taining the peroxide groups at their surfaces. The mixture was heated to a polymerization initiator-cleavage tempera- 
ture, and was subjected to a graft polymerization reaction in nitrogen stream for 3 hours. Thereby, spacer samples 2C- 
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1, 2D-1 and 2E-1 having graft polymer chains containing long-alkyl groups introduced at the surfaces of the polymer 
particles were obtained. 

Example 2-7 (Production of polymer particles formed with primary graft side chains) 

5 

Thirty grams of xylene and 2 g of isocyanateethyl methacrylate were both added to 10 g of each of the graft polymer 
particle spacer samples 2A-1 and 2B-1 produced in Example 2-5 and having the graft polymer chains with the long- 
chain alkyl groups, and the mixture was subjected to a graft polymerization reaction at 80° C for 2 hours, thereby intro- 
ducing vinyl groups into the graft polymer side chains. 

10 Two hundreds of methyl cellosolve, 50 g of methyl methacrylate, 50 g of 2-hydroxypropyl methacrylate and 0.5 g of 
benzoyl peroxide are all added to 10 g of the polymer particles having the graft polymer chains having the vinyl groups 
introduced to the side chains introduced into the surfaces of the polymer particles. The mixture is heated to a polymer- 
ization initiator-cleavage temperature, and was subjected to a graft polymerization reaction in nitrogen stream for 1.5 
hours. Thereby, secondary graft polymer chains having the long-chain alkyl groups as side chains of the primary graft 

75 polymer chains which were the graft polymer chains are formed. The thus produced spacer samples 2A-2 and 2B-2 are 

? easily dispersed in an alcohol. 

Comparative Example 2-1 

20 Ten grams of the polymer particles 1 A produced in Example 1 -1 and having the silanol groups at the surfaces were 
dispersed in 30 g of a 2 wt% toluene solution of octadecyltrimethoxy siiane. The dispersion was heated at 50 0 C for 
one hour. The reaction product was filtered, washed and heated at 130° C in a dryer for one hour. Thereby, a compar- 
ative spacer sample 2F of the polymer particles having the long-chain alkyl groups at the surfaces was obtained. 

25 Comparative Example 2-2 

Ten grams of commercially available silica particles having undergone no surface treatment were dispersed in 30 
g of a 2 wt% toluene solution of octadecyltrimethoxy siiane. The dispersion was heated at 50° C for one hour. The reac- 
tion product was filtered, washed and heated at 130° C in a dryer for one hour. Thereby, a comparative spacer sample 
30 2F of the silica particles having the long-chain alkyl groups at the surfaces was obtained. (0096) 

(Evaluations) 

Liquid crystal display elements were produced by using the above spacer samples 1F-2, 1G-2, 1H-2, 1J-2, 2A-1, 
35 2B-1, 2C-1, 2D-1, 2E-1, 2A-2, 2B-2, 2E and 2G, and orienting abnormality around the liquid crystal spacers was 
observed and evaluated on lighting. Results are shown in Table 4. 

(Method for producing the liquid crystal display element) 

40 A spacer sample was sprayed onto a substrate (90 x 100 mm, manufactured by EHC Co., Ltd.) having an ITO/poly- 
imide orienting film formed at the surface and subjected to lapping treatment by using a spray gun such that the number 
of polymer particles sprayed was 50 to 180/mm 2 , and then heat treatment was effected at 150° C for 30 minutes. There- 
after, a sealant was printed upon a peripheral portion of the substrate, and such substrates were bonded to each other 
by an ordinary method. An STN liquid crystal display element was produced by pouring a liquid crystal ZLl-2293 

45 (S078W) into a cell. 

(Evaluation method) 

Fifty V DC voltage was applied to each of the liquid crystal display elements produced by the above method for 1 
so second, and change in orienting abnormality (light passing state) around the liquid spacer between before and after the 
application of the voltage was evaluated. The fixing rate was evaluated in the same manner as mentioned before. A 
standard for evaluating the light passing is classified into the following 1 to 6. 

1 : no light passing, 2: partial light passing, 
55 3: light passing around 1/3 of particles 

4: light passing around not less than half of particles 
5: light passing around entire particles 
6: Large light passing occurred. 
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Table 4 



Polymer particles 


Evaluation on light passing 








Perform particle 


After surface treated 








Before DC 
voltage 


After DC 
voltage 


Before DC 
voltage 

anniipd 


After DC 
voltage 
applied 


Increase in 
particle diame- 
ter (urn) 


Fixed rate 

/o/ \ 


1F-2 


2 


5 


2 


2 


0.03 


33 


1G-2 


2 


5 


2 


2 


0.03 


35 


1H-2 


2 


4 


2 


2 


0.03 


32 


1J-2 


2 


5 


1.5 


1.5 


0.03 


35 


2A-1 


2 


5 


1 


1 


u.ut 


39 


2B-1 


2 


5 


1 


1 


0.04 


41 


2C-1 


2 


5 


2.5 


2.5 


0.03 


OH 

31 


2D-1 


2 


5 


2.5 


3 


0.03 


28 


2E-1 


2 


4 


2.5 


2.5 


0.03 


30 


2A-2 


2 


5 


1 


1.5 


0.06 


87 


2B-2 


2 


5 


1.5 


1.5 


0.05 


75 


2F (Comparative 
Example) 


2 


5 


2 


5 


0 


6 


2G (Comparative 
Example 


2 


5 


2 


4 


0 


0 



* Perform particles mean polymer particles having no graft polymer chains introduced at their surfaces. 



It is clear from the evaluation results in Table 4 that the spacer samples each composed of the polymer particles 
having the graft polymer chains with the long-chain alkyl groups introduced into the surfaces possess remarkably 
improved light passing-preventing performance around the particles as compared with the perform particles into which 
no graft polymer chains are introduced. On the other hand, slight improvement on the light passing-preventing perform- 
ance is seen with respect to the 2F and 2G using the comparative spacers having the long-chain alkyl introduced into 
the surfaces of the particles only by the surface treatment with the coupling agent, which is inferior to the light passing- 
improving effect of the graft polymer chains having the long-chain alkyl groups. 

Next, the liquid crystal spacer according to the third aspect of the present invention which spacer is made of the 
polymer particles surface-coated with the polymer layers having the long-chain alkyl groups will be explained. 

The same polymerizable vinyl monomer, the same functional groups to be introduced into the surfaces of the pol- 
ymer particles and the same polymerizable vinyl monomer having said functional group as mentioned before can be 
used for the production of the polymer particles in concern. Further, in the precipitation polymerization and the seed 
polymerization, cross-linked polymer particles obtained by using a polyvalent vinyl compound and a vinyl monomer 
having a hydrolyzable silyl group are preferably employed as a part of the monomer as mentioned before. Further, the 
above dispersant for preventing the association may be used in the case of the precipitation polymerization process. 

In the above precipitation polymerization and the above seed polymerization, the particles having a just spherical 
shape and a uniform particle size distribution which are suitable for the spacer for the liquid crystal. Particularly, as men- 
tioned above, the just spherical particles having large particle diameters are obtained in the seed polymerization. 

(Polymer having long-chain alkyl groups) 

The polymer having the long-chain alkyl groups is produced by using and polymerizing a polymerizable vinyl mon- 
omer having the long-chain alkyl group or a mixture of the polymerizable vinyl monomer having the long-chain alkyl 
group and another polymerizable vinyl monomer copolymerizable with the former polymerizable vinyl monomer with 
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use of a polymerization initiator. 

As to the polymerization, a solution polymerization is effected in an organic solvent for example, alcoholic solvent 
such as methanol, ethanol, iso-propanol, n-butanol, iso-butanol, t-butanol or cyclohexanol, a ketone solvent such as 
acetone, methylethyl ketone, methylisobutyl ketone or cyclohexanon, an esteric solvent such as ethyl acetate, n-buthyl 
acetate or amyl acetate, an aromatic solvent such as benzene, toluene or xylene, or a cellosolve solvent such as cello- 
solve acetate, methylcellosoh/e, ethylcellosovieor n-butylcellosolve. Alternatively, the same precipitation polymerization 
or the same seed polymerization as used in the production of the above polymer particles may be used. As a result, the 
polymer having the long-chain alkyl groups is offered in the form of a solution or particles. 

As the above polymer izable vinyl monomer having the long-chain alkyl group, poiymerizable vinyl monomers hav- 
ing the long-chain alkyl groups with the number of carbons being not less than 6 are preferable, and poiymerizable vinyl 
monomers having the long-chain alkyl groups with the number of carbons being not less than 12 are particularly pref- 
erable. As the poiymerizable vinyl monomers having such long-chain alkyl groups, the same as mentioned before are 
used. 

Further, as another poiymerizable vinyl monomer copolymerizable with the above poiymerizable vinyl monomer 
having the long-chain alkyl group, the same poiymerizable vinyl monomers used for the production of the polymer par- 
ticles are used. Furthermore, in order to introduce, into the polymer having the long-chain alkyl group, a functional 
group reactable with that of the polymer particles, the same poiymerizable vinyl monomer having the functional group 
as used for the production of the polymer particles is used, and as such a monomer, one having a functional group reac- 
table with that of the target polymer particles. 

Functional groups reactable with each other, for example, the following combinations are recited. 
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Functional group A Functional group B 



— COOH 

— COOH 



— COOH 



— OH 



Ri 
I 

Si 
I 

R 2 



— Si — OR 3 



— COOH 

— COOH 
Functional group A 

— OH 



— Si — OH 
I 

R 2 

— NCO 
Functional group B 



— C — C 

\ / 



— OH 



— OH 



— OH 



— Si — OR 3 
I 

R 2 
Ri 

! 

— Si — OH 
I 

R 2 

— NCO 
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Functional group A 



Functional group B 



— COONH2 

— COONH2 



OH 




Ri 



— COONH2 



Si 



OR 3 



R 2 



R1 



— COONH2 



Si 



O 



R 2 



— COONH2 



NCO 



(Coating the surfaces of the polymer particles) 

The surfaces of the polymer particles are coated with layers of a polymer having the above long-chain alkyl groups 
by the following three methods, for example. 

A. A film type coating method in which the polymer particles and particles of a polymer having the long-chain alkyl 
groups are mixed, and the surface of the polymer particles are coated by applying mechanical stress upon the par- 
ticles 

B. Powder-coating method in which the surfaces of the polymer particles are coated with a dispersion having par- 
ticle of a polymer having the long-chain alkyl groups dispersed in a liquid binder 

C. Film-coating method in which the surfaces of the polymer particles are coated with a solution of a polymer hav- 
ing the long-chain alkyl groups, followed by drying and fixing 

a device to be used to applying mechanical stress upon each particle in the method A, high speed stirrers such as 
Hybridizer manufactured by Kabushiki Kaisha Nara Kikai Seisakusho, ANGMTLL manufactured by Hosokawa 
Micron Co., Ltd. and KOSMOS manufactured by Kawasaki Heavy Industries, Ltd. are recited. As a device for coat- 
ing the surfaces of the polymer particles with the dispersion or the solution in the methods (B) and (C), stirrers such 
as Coat COATMIZER and SPIR-A-FIOW manufactured by Floint Industry Co, Ltd. are recited. 

The ratio in the particle diameter between the polymer particles and the polymer particles having the long-chain 
alkyl groups is preferably 100:10 to 100:0.1, particularly preferably 100: not more than 3. Further, although the mixing 
ration changes depending upon the average particle diameters, physical properties, etc., the polymer particles vis. the 
polymer particles having long-chain alkyl groups is ordinarily 1 : 0.5 to 3 in terms of weight ratio. 

The ratio in the particle diameter between the polymer particles and the polymer particles having the long-chain 
alkyl groups in the method B is ordinarily the same as in the method A. 

In any one of the methods, in order covalentiy bond the polymer having the long-chain alkyl groups to the surfaces 
of the polymer particles, the reaction is promoted by heating at a given temperature, if necessary, depending upon the 
combination of the functional groups. 

The polymer particles according to the present invention have the respective layers of the polymer having the long- 
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chain alkyl groups at their surfaces. When such composite particles are used as a spacer for a liquid crystal, the liquid 
crystal molecules are vertically and regularly arranged with respect to the layers of the polymer having the long-chain 
alkyl groups on the surface of the polymer particles to suppress the orienting abnormality near the liquid crystal spacer. 
Further, when the polymer particles as neuclei are covalently bonded to the layers of the polymer having the long-chain 
alkyl groups, the layers of the polymer having the long-chain alkyl groups are hard to be peeled from the polymer par- 
ticles. Furthermore, the polymer particles are firmly bonded to the substrate due to the melting effect of the layers of the 
polymer having the long-chain alkyl groups under heating during the production of the liquid crystal display element and 
further due to a reaction of functional group residues upon the orienting substrate when the polymer layers have the 
functional groups. 

The present invention will be concretely explained based on the following examples, but the invention will not be 
limited to these examples at all without exceeding its gist 

Example 3-1 (Production of polymer particles 3 A having epoxy groups at their surfaces) 

Two hundreds grams of ethyl propionate was charged into a reactor, into which 85.7 g of glycidyl methacrylate, 9.7 
g bf 2-hydroxyethyl methacrylate, 4.6 g of ethylene glycol dimethacrylate and 0.15 g 2,2 , -azobis(2,4-dimethylvaleroni- 
t'rile) were further charged. The mixture was subjected to precipitation polymerization at 50 ° C in nitrogen stream for 
16 hours. Thereby, polymer particles 3A having epoxy groups at their surfaces were obtained. The polymer particles 3A 
had a just spherical shape, the average particle diameter of 4.9 urn and a standard deviation of 4 %. 

Example 3-2 (Production of polymer particles 3B having long-chain alkyl groups) 

Into a reactor were charged 325 g of methyl alcohol, 9.4 g of ethylene glycol, 30 g of polyvinylpyrrolidone, 4 g of 
cetanol, 5 g of isobornyl methacrylate, 7.5 g of glycidyl methacrylate and 7.5 g of lauryl methacrylate. and 1.2 g of 2,2'- 
azobis(2-methylbutylonitrile) was added into the reactor. The mixture was subjected to precipitation polymerization at 
60 ° C in nitrogen stream for 5 hours. Thereby, polymer particles 3B having epoxy groups and long-chain alkyl groups 
at their surfaces were obtained. The polymer particles 3B were washed, milled, and dried. The polymer particles 3B had 
a just spherical shape and the average particle diameter of 0.35 urn 

Example 3-3 (Production of polymer particles 3C having long-chain alkyl groups) 

Into a reactor were charged 31 7.7 g of methyl alcohol, 16.7 g of ethylene glycol, 20 g of polyvinylpyrrolidone, 4 g of 
cetanol, 7.5 g of isobornyl methacrylate, 5 g of 2-methacryloyloxyethyl succinic acid and 7.5 g of lauryl methacrylate, 
and 1 .8 g of 2,2 , -azobis(2-methylbutylonitrile) was added into the reactor. The mixture was subjected to precipitation 
polymerization at 60 ° C in nitrogen stream for 5 hours. Thereby, polymer particles 3C having carboxyl groups and long- 
chain alkyl groups at their surfaces were obtained. The polymer particles 3C were washed, milled, and dried. The pol- 
ymer particles 3C had a just spherical shape and the average particle diameter of 0.3 urn. 

Example 3-4 (Production of polymer particles 3D coated with layers of a polymer having long-chain alkyl groups at their 
surfaces) 

An ordered mixture was prepared by treating 50 g of the polymer particles 1 C produced in Example 1 -3 and having 
the carboxyiic groups at their surfaces and 10 g of the polymer particles 3B produced in Example 3-2 and having the 
long-chain alkyl groups and the epoxy groups in an OM Dizer as a Hybridization system manufactured by Kabushiki 
Kaisha Nara Kikai Seisakusho for 3 minutes. Next, this ordered mixture was subjected to a film-forming treatment at 
15000 rpm for 5 minutes by Hybridizer of the Hybridizaton system. Thereby, particles 3D having the surfaces coated 
with layers of the polymer the long-chain alkyl groups were obtained. 

Example 3-5 (Production of polymer particles 3E coated with layers of a polymer having long-chain alkyl groups at their 
surfaces) 

An ordered mixture was prepared by treating 50 g of the polymer particles 3A produced in Example 3-1 and having 
the epoxy groups at their surfaces and 10 g of the polymer particles 3C produced in Example 3-3 and having the long- 
chain alkyl groups and the carboxyl groups in an OM Dizer as a Hybridization system manufactured by Kabushiki Kai- 
sha Nara Kikai Seisakusho for 3 minutes. Next, this ordered mixture was subjected to a film-forming treatment at 10000 
rpm for 3 minutes by Hybridizer of the Hybridization system. Thereby, particles 3E having the surfaces coated with lay- 
ers of the polymer having the long-chain alkyl groups were obtained. 
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Comparative Example 3-1 

Ten grams of commercially available silica particles having undergone no surface treatment was dispersed into 30 
g of a 2% toluene solution of octadecyltrimethoxy silane, which was heated at 50° C for 1 hour. Then, the reaction prod- 
uct was filtered, washed and heated at 1 30° C in a dryer for 1 hour. Thereby, silica particles 3F having long-chain alkyl 
groups at their surfaces were obtained. 

(Evaluations) 

Liquid crystal display panels were produced by using particles 3D and 3E each coated with the layers of the poly- 
mer having the long-chain alkyl groups at their surfaces. Orienting abnormality around the liquid crystal spacer was 
observed and evaluated- Results are shown in Table 5. 

(Method for producing the liquid crystal display elements) 

A spacer sample was sprayed onto a substrate (90 x 100 mm, manufactured by EHC Co., Ltd.) having an ITO/poly- 
imide orientation-controlling film formed at the surface and subjected to lapping treatment by using a spray gun such 
that the number of polymer particles sprayed was 50 to 180/mm 2 , and then heat treatment was effected at 150° C for 
30 minutes. Thereafter, a sealant was printed upon a peripheral portion of the substrate, and such substrates were 
bonded to each other by an ordinary method. An STN liquid crystal display element was produced by pouring a liquid 
crystal ZLI-2293 (S078W) into a cell. 

(Evaluation method) 

Fifty V DC voltage was applied to each of the liquid crystal display elements produced by the above method for 1 
second, and change in orienting abnormality (light passing state) around the liquid spacer between before and after the 
application of the voltage was evaluated. 



Tables 



Polymer particles 


Evaluation on light passing 








Preform particle 


After surface treated 








Before DC 
voltage 
applied 


After DC 
voltage 
applied 


Before DC 
voltage 
applied 


After DC 
voltage 
applied 


Increase in particle 
diameter (um) 


Fixed rate 
(%) 


3D 


2 


5 


2 


2 


0.5 


80 


3E 


2 


5 


1 


1 


0.5 


72 


3F (Comparative 
Example) 


2 


5 


2 


4 


0 


0 



* Preform particles mean polymer particles having no graft polymer chains introduced at their surfaces. 



Evaluations on the light passing are shown according to standards 1-5 as follows. 

1 ; no light passing, 2: partial light passing, 

3: light passing around 1/3 of particles 

4: light passing around not less than half of particles 

5: light passing around entire particles 



It is clear from the evaluation results in Table 5 that the spacer samples each composed of the polymer particles 
3D and 3E each having the surfaces coated with the layers of the polymer the long-chain alkyl groups possess remark- 
ably improved light passing-preventing performance around the particles as compared with the preform particles into 
which no graft polymer chains are introduced. On the other hand, slight improvement on the light passing-preventing 
performance is seen with respect to the silica particles 3F having the long-chain alkyl groups introduced into the sur- 
faces of the particles only by the surface treatment with the coupling agent, which is inferior to the light passing-improv- 



21 



EP 0 773 466 A1 



ing effect of the composite polymer particles according to the present invention. 

In the present invention, since the liquid crystal molecules are vertically and regularly oriented with respect to the 
surfaces of the spacer by the layers o1 the macromolecular polymer containing the long-chain alky! groups on the sur- 
face of the surfaces of the spacer, the orienting abnormality of the liquid crystal around the liquid crystal spacer is sup- 
pressed Owing to this, the light passing on lighting the liquid crystal panel is prevented, so that the contrast of the liquid 
crystal panel can be enhanced, a ring-shaped disorder mode seen on the panel can be prevented to improve the dis- 
play quality. 



10 
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Claims 

1 . A spacer for a liquid crystal display element, wherein long-alkyl groups are held at surfaces of polymer particles. ^ 

2. The spacer for the liquid crystal display element set forth in Claim 1, wherein said long-chain alkyl groups are 
bonded to graft polymer chains graft polymerized to the surfaces of the polymer particles. 

3 :; The spacer for the liquid crystal display element set forth in Claim 1 . wherein said long-chain alkyl groups are con- 
tained in polymer layers which are physically coated on the surfaces of the polymer particles and then reacted. 

4. A process for producing the spacer for the liquid crystal display element set forth in Claim 1 , 2 or 3, wherein said 
20 long-chain alkyl groups have a straight-chain shape with the number of carbons being 6. 

5. The spacer for the liquid crystal display element set forth in Claim 4, wherein said long-chain alkyl groups have a 
straight-chain shape with the number of carbons being not less than 1 2 and not more than 22. 

25 6. The spacer for the liquid crystal display element set forth in Claim 5, wherein said long-chain alkyl groups have a 
straight-chain shape with the number of carbons being 18. 

7. The spacer for the liquid crystal display element set forth in any one of Claims 1 to 6, wherein layers having said 
long-chain alkyl groups held at the surfaces of the polymer also function as fixing layers. 

30 

8. The spacer for the liquid crystal display element set forth in any one of Claims 1 to 7, wherein colored base polymer 
particles are used as said polymer particles. 

9. A liquid crystal display element using the spacer for the liquid crystal display element set forth in any one of Claims 
35 1 to 8, wherein long-alkyl groups are held at surfaces of polymer particles. 

10 A process for producing a spacer for a liquid crystal display element, said spacer having long-chain alkyl groups at 
surfaces said process being characterized by comprising reacting a long-chain alkyl compound with polymer par- 
ticles having functional groups at surfaces and thereby introducing the long-chain alkyl groups into the polymer par- 
ticles, said long-chain alkyl compound having a functional group reactable with said functional groups of the 
polymer particles. 

11 The process for producing a spacer for the liquid crystal display element set forth in Claim 10. wherein said func- 
tional groups exist in graft polymer chains graft polymerized to the surfaces of the polymer particles. 

12 A process for producing a spacer for a liquid crystal display element, said spacer having long-chain alkyl groups at 
surfaces said process being characterized by comprising introducing graft polymer chains having long-chain alkyl 
groups surfaces of polymer particles having radical chain transferable functional groups and/or active groups hav- 
ing a radical polymerization initiating ability introduced at the surfaces by graft polymerizing one or more kinds of 
polymerizable vinyl monomers having long-chain alkyl groups or a mixture of one or more kinds of the polymenzble 
vinyl monomers having the long-chain alkyl groups and one or more kinds of other polymerizable vinyl monomers 
copolymerizable with former polymerizable vinyl monomers to the surfaces ol polymer particles. 

13 The process for producing a spacer for a liquid crystal display element set forth in Claim 12, wherein said radical 
chain transferrable functional groups are mercapto groups and/or polymerizable vinyl groups, and said active 
groups having the radical polymerization initiating ability are peroxide groups and/or azo groups. 

14 A process for producing a spacer for a liquid crystal display element, said spacer having long-chain alkyl groups at 
surfaces, said process being characterized by comprising coating the surfaces of polymer particles having given 
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functional groups introduced to the surfaces with respective polymer layers having long-chain alkyl groups and 
functional groups reactable with those of the polymer particles. 

15. The process for producing a spacer for a liquid crystal display element, said spacer having long-chain alkyl groups 
at surfaces, wherein covalent bonds are formed by reacting the functional groups at the surfaces of the polymer 
particles with those of the respective polymer layers. 
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